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Interlaboratory  Tests  on 
Glass  Yarn  Reinforced  Paper 


Emanuel  Horowitz,  Russell  J.  Capott 
and  John  Mandel 


SUMmRY 


The  results  of  an  interlaboratory  study  of  the  . 
test  methods  developed  to  determine  the  physical  prop- 
erties of  glass  yarn  reinforced  paper  are  reported  in 
this  paper.  For  the  breaking  strength  test  the  pooled 
standard  deviation  of  Laboratories  A and  B based  on 
a single  measurement  was  as  follows r 

Dry  Test  - Machine  direction  6.6  Ib/ln 
Cross  direction  6,1  Ib/ln 
Wet  Test-Machine  direction  3.2  Ib/in 
Cross  direction  2 .8, Ib/ln 

The  pooled  standard  deviation  for  the  breaking  strength 
test  at  the  crease  was  In  the  seam  strength  test 

the  pooled  standard  deviation  was  2,6  for  the  dry 
condition  and  1,8  for  the  wet  condition.  Finally,  in 
the  cross  direction  yarn  pull-out  test  the  pooled 
standard  deviation  was  0.8, 

The  average  results  of  the  three  laboratories 
differed  by  as  much  as  10  percent  in  the  dry  breaking 
strength  and  30  percent  in  the  wet  breaking  strength. 
For  the  breaking  strength  at  the  crease  the  average 
results  of  the  participants  were  in  good  agreement  and 


Laboratory  C was  not  included  because  their  equipment 
did  not  permit  testing  1 inch  specimens  and  i|0 
specimens  0.5  inches  wide  were  used. 
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differed  by  about  2 percent.  In  the  dry  seam  strength 
test  the  difference  between  the  laboratories,  based  on 
averages,  was  approximately  4 percent;  while  for  the 
wet  seam  strength  test  the  difference  was  as  much  as 
l8  percent.  The  average  values  for  the  cross 
direction  glass  yarn  pull-out  test  were  appreciably 
different  (Laboratory  A 6.6^5iLaborat ory  B 5*6  lbs, 
and  Laboratory  C 7.2  lbs).  Certain  deviations  from 
the  prescribed  test  procedures  did  occur  in  the 
course  of  this  study  and  these  may  have  contributed 
to  the  variability  between  different  laboratories. 

For  example  Laboratory  A used  a pendulum  type  tensile 
tester  while  the  results  reported  for  Laboratory  B 
were  obtained  with  ap  inertialess  type  tester.  In 
addition.  Laboratory  C,because  of  the  nature  of  its' 
equipment,  used  tests  specimens  having  width  dimensions 
different  from  that  specified  in  the  test  procedure. 

In  the  breaking  strength  test  the  average  value 
was  about  68  Ib/in  width  in  the  machine  direction  and 
about  44  Ib/in  width  in  the  cross  direction  and  the 
strength  in  each  direction  was  reduced  by  approximately 
50  percent  after  being  wetted  with  water.  The  overall 
average  results  obtained  for  the  breaking  strength  at 
the  crease  and  the  dry  seam  strength  were  very  similar, 
about  39/  Ib/in  width.  The  lowest  values  were  reported 
for  the  wet  seam  strength,  approximately  9 Ib/in  width; 
a reduction  of  75  percent  as  compared  to  the  dry 
condition. 
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1*0  INTRODUCTION 

As  a result  of  an  earlier  study.  National  Bureau 
of  Standards  Report  646? > a number  of  test  methods  for 
determining  the  physical  properties  of  glass  yarn 
reinforced  paper  used  in  fabricating  mail  bags  were 
developed  or  modified.  At  the  request  of  the  Post 
Office  Department  an  interlaboratory  test  was  arranged 
among  three  laboratories  concerned  with  determining 
the  physical  properties  of  this  paper  in  order  to 
obtain  information  on  the  precision  of  the  test  methods. 
The  three  laboratories  included  two  industrial 
laboratories  and  the  National  Bureau  of  Standards, 

For  each  of  the  tests  in  this  study,  specimens 
were  prepared  from  fifteen  different  glass  yarn  rein- 
forced paper  mall  bags, taken  from  one  production  lot. 

The  specimens  were  carefully  randomized  and  distributed 
among  the  three  laboratories  to  be  tested  for  the 
following  properties r 

1,  Breaking  Strength;  Machine  and  Cross  Direction, 

Wet  and  Dry 

2,  Breaking  Strength  at  Crease 

3*  Seam  Strength?  Wet  and  Dry 

4*  Cross  Direction  Glass  Yarn  Pull-out  Resistance 

This  report  discusses  the  test  methods  used 
determining  the  physical  properties  of  the  reinforced 
paper  and  the  results  of  the  statistical  analysis  of 
the  test  data. 


2,0  PHYSICAL  TEST  METHODS 

The  following  instructions  were  sent  to  the  par- 
ticipating laboratories  for  conducting  the  testsr 

2,1  Breaking  Strength  Test,  Dry 

The  specimen  for  test  shall  be  strips  1 inch  wide 
and  8 inches  long  with  the  edges  cut  parallel  to  each 
other  and  to  the  reinforcing  yarn.  Each  specimen  ^all 
have  two  reinforcing  yarns  extending  the  length  of  the 
specimen.  The  distance  between  each  yarn  and  the 
nearest  edge  of  the  specimen  shall  be  approximately 
l/4  inch. 
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The  test  shall  be  made  on  a pendulum  type  machine 
having  two  clamps  whose  centers  shall  be  in  the 
same  plane  parallel  with  the  direction  of  motion  of 
the  stressing  clamp  and  so  aligned  that  they  will  hold 
the  test  specimen  wholly  in  one  plane.  The  machine 
shall  apply  a gradually  increasing  load  to  the  specimen 
until  it  breaks  and  shall  indicate  the  load  at  the 
Instant  of  fracture. 

The  tester  shall  be  of  such  capacity  that  the 
breaking  strength  of  the  specimen  will  be  not  greater 
than  90  percent  nor  less  than  10  percent  of  the  capacity 
of  the  tester. 

The  initial  separation  between  the  clamps  shall 
be  l|  Inphes.  The  specimen  shall  be  firmly  clamped 
square ly  in  the  jaws  of  the  clamps  and  the  stressing 
jaw  operated  at  a speed  of  12  ± 0,9  inches  per  minute 
until  the  specimen  breaks.  For  each  test  specimen 
the  breaking  load  shall  be  recorded  to  the  nearest 
0,1  pound  per  inch  of  width.  Twenty  specimens,  with 
the  long  dimension  cut  parallel  to  each  principal 
direction  of  the  paper,  shall  be  tested  and  the  average 
of  the  test  results  for  each  principal  direction  shall 
be  reported  to  the  nearest  0,1  pound  per  inch  of  width. 
All  readings  obtained  when  the  paper  breaks  at  or  in 
the  jaws  shall  be  rejected  and  another  specimen  shall 
be  tested.  Test  results  of  strips  cut  in  the  machine 
direction  of  the  paper  shall  be  reported  as  breaking 
strength  per  inch  of  width,  machine  direction  apd  test 
results  of  strips  cut  across  the  machine  direction 
shall  be  reported  as  breaking  strength  per  inch  of 
width,  cross  direction, 

I 

In  the  course  of  this  study  the  tests  made  by 
the  National  Bureau  of  Standards  were  performed  on  a 
pendulum  type  tensile  tester  using  the  procedure 
described  above.  The  tests  in  Laboratory  B were  made 
with  an  inertialess  type  tensile  tester  with  a 


^ Tests  may  be  made  on  a tensile  tester  which  has  been 
shown  to  give  equivalent  results  to  those  obtained 
with  a pendulum  type  machine, 

(a)  Table  Model  Instron  Tester 
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rate  of  jaw  separation  of  1 inch  per  minute.  The  tests 
made  by  Laboratory  C were  made  with  a pendulum  type  tensile 
tester  using  0.5  inch  wide  specimens  in  the  breaking 
strength  test  because  1 inch  clamps  were  not  available. 

In  addition,  because  of  the  type  of  equipment  available,  the 
seam  strength  and  breaking  strength  at  the  crease  tests 
were  made  on  a pendulum  type  machine  using  1 inch  wide 
specimens  Instead  of  2 inch  wide  specim^ens.  The  effect 
of  these  deviations  in  test  procedures  on  the  test 
results  will  be  discussed  later  in  this  report, 

2.2  Breaking  Strength  Test,  Wet 

The  procedure  described  for  the  dry  breaking  strength 
(2,1)  shall  be  followed,  except  that  the  specimen  shall 
be  immersed  in  1 to  2 inches  of  distilled  water  for  2 
hours  at  23°C  ^ 2®C  - 3»6°P)  before  testing. 

The  specimen  shall  be  taken  from  the  water,  the  excess 
water  removed  with  blotting  paper  and  the  specimen  tested 
within  60  seconds.  If  weights  are  used  to  keep  the 
specimen  immersed,  that  part  of  the  specimen  to  be 
positioned  between  the  upper  and  lower  clamps  shall  be 
untouched  by  the  weights.  Specimens  shall  not  be  placed 
on  top  of  each  other  in  the  water  bath, 

2.3  Breaking  Strength  at  Crease 

The  test  shall  be  made  in  accordance  with  the 
procedure  described  in  Section  2.1  except  that  the  crease 
shall  be  midway  between  the  ends  of  the  specimen  and 
perpendicular  to  the  long  dimension.  The  specimen  shall 
be  taken  at  random  from  any  of  the  longitudinal  creases 
produced  during  the  manufacture  of  the  mail  sack, 

2,4  Seam  Strength  Test,  Dry 

The  specimen  shall  be  2 inches  wide  and  8 inches 
long  with  the  long  dimension  cut  at  right  angles  to  the 
seam.  The  two  sections  of  paper  forming  the  seam  shall 
each  contain  four  cross  direction  glass  yarns  with  the 
distance  between  the  end  yarns  and  the  nearest  edge  of 
the  specimen  approximately  l/4  inch.  The  seam  shall  be 
located  midway  between  the  two  ends  of  the  test  specimen. 

The  specimen  shall  be  mounted  in  the  jaws  of  the  tensile 
tester  referenced  in  Section  2,1  with  the  seam  perpendic- 
ular to  the  direction  of  motion  of  the  stressing  clamp. 

The  initial  separation  between  the  clamps  shall  be  4 
inches.  For  each  specimen  the  force  required  to  cause 
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seam  separation  shall  be  recorded  to  the  nearest  0.1 
pound.  Twenty  test  specimens  shall  be  tested  and  the 
average  of  the  va^’ies  ohtpined  shall  be  reported  to  the 
nearest  0,1  Ib/ln.  All  readings  obtained  when  the 
paper  breaks  at  or  in  the  jaws  shall  be  rejected  and 
another  test  specimen  shall  be  tested, 

2,5  Seam  Strength  Test,  Wet 

The  procedure  described  for  dry  seam  strength  shall 
be  followed,  except  that  the  specimen  shall  be  immersed 
in  distilled  water  as  described  in  the  wet  breaking 
strength  test,  Section  2.2, 

2,6  Cross  Direction  Class  Yarn  Pull-out  Test 

The  specimen  shall  be  one  inch  wide  and  10  inches' 
long  with  the  long  dimension  parallel  to  the  cross 
direction  glass  yarn.  A single  cross  direction  glass 
yarn  shall  be  located  in  the  center  of  the  specimen 
approximately  parallel  to  the  two  edges.  Two  Inches 
from  one  end  of  the  specimen  a hole  3/l6  inch  in  diameter 
shall  be  punched  through  the  paper  and  cross  direction 
glass  yarn  with  a paper  punch.  Two  inches  from  the 
opposite  end  of  the  specimen  a cut  perpendicular  to  the 
cross  direction  glass  yarn  shall  be  made  from  each  edge 
of  the  specimen  to  the  cross  direction  glass  yarn. 

Twelve  machine  direction  glass  yarns  shall  be  located 
in  the  6 inches  between  the  punched  hole  and  the  slits. 
Care  shall  be  exercised  not  to  damage  the  glass  yarn. 

The  specimen  shall  be  tested  on  the  tensile  tester 
referenced  in  Section  2.1,  The  Initial  separation 
between  the  clamps  shall  be  7 inches,  and  no  part  of 
the  punched  hole  or  the  slit  shall  be  clamped  between 
the  jaw  surfaces.  For  each  specimen  the  force  required 
to  pull-out  the  glass  yarn  shall  be  recorded  to  the 
nearest  0,1  pound.  Twenty  specimens  shall  be  tested 
and  the  average  of  the  values  obtained  for  the  test 
unit  shall  be  reported  to  the  nearest  0.1  pound. 

3.0  DISQJSSION  OP  RESULTS 
3.1  Breaking  Strength 

Tables  1 and  2,  list  the  individual  values  for 
dry  and  wet  breaking  strength  respectively,  and  indicate 
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that  considerable  V;ariabillty  exists  between  specimens 
tested  in  the  same  laboratory.  Thus,  based  on  20 
determinations,  the  difference  between  the  highest  and 
lowest  test  result  in  the  dry  condition  was  about  23  lb/ 
in  width  and  about  13  Ib/in  width  in  the  wet  condition. 
Also,  it  can  be  seen  that  the  average  results  reported  by 
the  three  laboratories  for  dry  breaking  strength  differ 
by  7*6  lb/ in  width  in  the  machine  direction  and  2,3  Ib/in 
width  in  the  cross  direction.  In  the  wet  breaking 
strength  tests  the  averages  reported  by  two  of  the 
laboratories  differed  by  10,2  Ib/in  width  in  the  machine 
direction  and  Ib/in  width  in  the  cross  direction. 

For  Laboratories  A,  B and  C the  standard  deviation  of  a 
single  measurement  in  the  dry  and  wet  breaking  strength 
tests  are  given  in  Table  6,  It  can  be  seen  that  in  the 
dry  breaking  strength  test  the  standard  deviations  for 
Laboratories  A,  B and  C were  approximately  ^,0,  7.5  and 
8,5»  respectively.  In  the  wet  test  the  standard  devia- 
tions ranged  from  2,2  to  5.5. 

It  has  been  reported  in  the  literature  (1)  that 
for  specimens  1,  2 and  3 inches  in  width  the  breaking 
strength  of  paper  in  Ib/in  width  remained  almost  constant 
but  -when  the  test  specimens  were  approximately  l/2  inch 
in  width  or  less  there  was  a marked  decrease  in  the 
breaking  strength  with  decreasing  width.  It  will  be 
recalled  that  because  of  available  equipment  the 
specimens  tested  by  Laboratory  C were  l/2  inch  in  width 
instead  of  the  prescribed  1 inch.  Nevertheless,  only 
in  the  dry  machine  direction  test  was  the  average  result 
lower  than  those  obtained  by  the  other  two  laboratories, 
"Hlven  in  this  case  it  differed  by  only  7 percent  from 
Laboratory  B,  On  the-  other  hand,  the  results  obtained 
by  Laboratory  C in  the  wet  breaking  strength  test, 
machine  and  cross  direction,  were  higher  than  those  of 
the  other  two  participants.  It  appeaT’s  that  the  effect 
of  width  discussed  above  was  not  a significant  factor 
in  these  tests.  Furthermore,  the  breaking  strength  of 
the  test  specimens  used  in  the  present  study  was 
influenced  markedly  by  the  reinforcing  ^lass  fibers. 


(1)  Institute  of  Paper  Industry  Report  No,  24, 
February  l6,  1940. 


„ 8 - 


It  is  also  interesting  to  note  that  except  for  the  dry 
machine  direction,  the  breaking  strength  results  reported 
by  Laboratory  B (using  an  inertialess  type  tensile  tester) 
were  somewhat  lower  than  those  obtained  in  the  other  two 
laboratories  • 

3.2  Breaking  Strength  at  Crease 

The  results  for  the  breaking  strength  at  the  crease 
are  reported  in  Table  3 where  it  can  be  seen  that  the 
laboratory  averages  of  38«7^  38. 4 39.0  Ib/in  width 

for  Laboratories  A,  B and  C are  in  good  agreement.  The 
difference  between  the  hipest  and  lowest  test  results 
within  a given  laboratory  was  approximately  20.8,  16,6 
and  26.9  Ib/in  width  for  Laboratories  Aj  B and  C, 
respectively.  The  standard  deviation  of  a single  meas- 
urement, given  in  Table  6,  was  ^,1  for  Laboratory  A; 

4o3  for  Laboratory  B and  5»1  i'or  Laboratory  Cj  showing 
approximately  equal  precision  in  the  three  laboratories, 

3*3  Seam  Strength 

The  average  results  given  in  Table  4 Laboratory 

At  B and  C were  39. 9^  38.4  and  38.3  Ib/ln  width,  respective- 
ly in  the  dry  condition  and  9,7t  8.2  and  9.2  Ib/ln  width, 
respectively,  in  the  wet  condition.  Within  a given 
laboratory,  the  difference  between  the  highest  and  the 
lowest  test  result  was  about  11  Ib/in  width  and  2.5  Ib/in 
width  in  the  dry  and  wet  tests,  respectively.  Table  6 
gives  the  standard  deviation  of  a single  measurement  and 
indicates  about  the  same  precision  for  the  three 
laborat orl es , 

3,4  -Cross  Direction  Glass  Yarn  Pull-out  Resistance 

The  results  obtained  in  the  glass  yarn  pull-out  test 
are  given  in  Table  5*  The  average  value$  for  Laboratory 
A,  B and  C based  on  20  determinations,  were  6.6  lb,  5.6  lb, 
and  7.2  lb,  respectively.  Thus  the  results  for  at  least 
two  of  the  laboratories  differed  by  about  30  percent. 

Within  a given  laboratory  the  difference  between  the 
highest  and  lowest  test  results  were  1.4  Ih,  2,0  lb,  and 
3,4  IL,  accounting  for  differences  of  about  25  to  4^ 
percent.  The  standard  deviation  of  a single  measurement 
given  in  Table  6 was  0,97  (Laboratory  A),  0.62  (Laboratory 
B),  and  0,71  (Laboratory  C) , showing  good  precision  for 
this  measurement  among  the  participants. 
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3.5  Effect  of  Water  on  the  Strength 

The  result s reported  in  Table  6 show  that  the  strength 
of  the  material  is  markedly  decreased  when  wetted  with 
water.  In  the  breaking  strength  test  the  strength  of  the 
material  decreases  from  about  50  to  68  percent  in  the 
machine  direction  and  from  about  43  to  54  percent  in  the 
cross  direction,  A most  pronounced  decrease  in  the  seam 
strength  occurred  as  a result  of  immersion  in  water.  In 
fact  the  wet  strength  was  only  approximately  9 Ib/in  width, 
having  decreased  in  strength  by  about  75  percent.  The 
effect  of  water  on  the  strength  of  the  material  may  be 
seen  in  greater  detail  by  examining  Table  7* 
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Table  1,  Dry  Breaking;  Strength,  Ib/ln  Width 


Machine  Direction 

Cross  Direction 

Spec. 

No, 

Lab , 
A a/ 

Lab , 
B ^ 

Lab, 

0 c/ 

Lab,  A 

Lab,  B 

Lab 

. C 

1 

71+.0 

65.0 

52.8 

68,8 

,49.0 

45.8 

52.0 

38.4 

2 

81.8 

73.2 

78.8 

80.4 

47.0 

35.0 

32.0 

40,8 

3 

72.0 

65.4 

65.2 

62.4 

48.3 

48.4 

56.4 

41.6 

h 

72.7 

60.5 

52.4 

64.0 

46.0 

39.6 

44.8 

35.2 

5 

75.5 

65.0 

66.0 

74.8 

54.3 

30.3 

27.2 

44.8 

6 

71.0 

72.0 

6le  2 

60,0 

48.0 

45.7 

36,0 

51.2 

7 

58.3 

62.9 

60,0 

68.0 

45.0 

43.7 

51.2 

46.4 

8 

66,2 

76.0 

62,0 

47.6 

41.0 

51.0 

51.2 

34.4 

9 

71.5 

75.7 

74.4 

62.0 

47.5 ' 

48.7 

35.2 

31.2 

10 

n.5 

83.7 

54.4 

44.8 

42.0 

28.0 

60.4 

50.4 

11 

69.9 

68.8 

60,4 

73.2 

45.3 

48.9 

35.2 

44.8 

12 

70.0 

73.6 

68,8 

60,8 

44.0 

53.9 

37.6 

40,0 

13 

67.0 

68,0 

69 . 6 

66,8 

40.0 

50.9 

37,2 

32.8 

ih^ 

77.3 

69.5 

66.0 

48,8 

41.0 

48.1 

40.0 

44.0 

15 

64.5 

66 ,5 

72.0 

63.2 

51.5 

43.7 

55.6 

47.2’ 

16 

70.0 

70,7 

77.2 

62,4 

36.0 

47.4 

47.2 

54.8 

17 

76.0 

64.1 

65.2 

52.8 

48.5 

38.5 

51.2 

42.0 

18 

71.0 

63.3 

69.2 

66 » 8 

44.2 

43.1 

51.2 

36,0 

19 

72,0 

65.9 

72.0 

49.6 

47.0 

43.0 

44.8 

42.0 

20 

79.8 

65.1 

70,0 

74.4 

43.5 

38.4 

50.4 

59.2 

Avg, 

High 

Low 

Diff. 

71.8 

81.8 

58.3 

23.5 

68.7 

83.7 
60.5 

23.2 

64.2 

80.4 

44.8 

35.6 

45.4 

54.3 

36.0 

18.3 

43.1 

53.9 
28.0 

25.9 

43 .8 

60,4 

3J.2 

23.2 

Note:  Forty  test  results  are  reported  by  Mosinee  because  two  0«5  iN 

wide  specimens  were  prepared  from  the  original  1 in  wide  specimens 
furnished.  This  laboratory  had  0.5  in  wide  clamps  instead  of  the 
1 in  wide  clamp  specified  in  the  test  procedure, 
a/  National  Bureau  of  Standards 
b/  Bemls  Bros,  Bag  Company 
c/  Mosinee  Paper  Mills  Company 
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Table  2,  Wet  Breaking  Strength,  Ib/ln  width 


Machine  Direction 

Cross  Direction 

Spec, 

No. 

Lab, 
A ^ 

Lab, 
B y' 

Lab. 

C c/ 

Lab.  A 

Lab.  B 

Lab. 

C 

1 

23.3 

23.0 

24,8 

38.4 

23.7 

20.3 

24.0. 

23.2 

2 

26.3 

28.2 

33.6 

34.0 

22.0 

17.6 

28.8 

28.8 

3 

27.5 

24.5 

30.4 

39.2 

17.4 

18.8 

31.2' 

22.4 

4 

26.7 

17.4 

30.4 

32.0 

20.9 

17.8 

31.2 

20.0 

5 

26,6 

20.6 

30.4 

36,8 

26.0 

20.4 

28.0 

20.0 

6 

26.9 

25.0 

31.2 

32.0 

21.5 

20.4 

22.4 

27.6 

7 

25.4 

25.7 

32.0 

36.0 

19.1 

25.0 

30.8 

28.0 

8 

28.7 

16.0 

16.0 

34.4 

25.0 

23.8 

18.8 

28.0 

9 

21.3 

22.0 

31. ? 

40.0 

20.0 

21,0 

25. ^ 

23.2 

10 

21. ^ 

20.4 

21.2 

32.8 

25.3 

18*8 

28,8 

23  ,2 

11 

25.7 

18,0 

29.2 

40.0 

25.7 

22,0 

28.0 

22.4 

12 

22. G 

19.5 

24.0 

34.8 

25.6 

17.9 

26.0 

22,0 

13 

30.3 

23.5 

21.2 

26 ,4 

24.2 

18.0 

22.8 

24.0 

14 

23.7 

19o2 

34.0 

35.2 

24.4 

19,5 

26.8 

19o2 

15 

27.3 

22.8 

24,8 

28.0 

23  o3 

21,0 

24.8 

24.0 

16 

22,5 

23.8 

34«4 

38.4 

22.8 

22.2 

24.0 

31.2 

17 

22.0 

22.1 

22.0 

34-4 

15.2 

21.5 

22,0 

19c2 

18 

28.7 

21.8 

40.0 

36.0 

22.9 

18.3 

24,0 

32.0 

19 

25.1 

25.6 

36.8 

28.0 

15.0 

19.2 

23,2 

23.2 

20 

33,3 

23.2 

38.0 

39,2 

20.5 

16.9 

28.8 

20  08 

Avg. 
High 
Low 
Diff . 

26.2 

3^.3 

21.3 

14.0 

22.1 

28.2 
16.0 

12.2 

32,3 

40.0 

16.0 

24.0 

22.0 

26.0 

15.0 

11.0 

20.0 

25.0 

16.9 

8.1 

25.0 

32.0 
18.8 
13 .2 
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Table  3»  Breaking  Strength  at  the  Crease, 
Ib/in  width 


Specimen 

Number 

Laboratory 

A 

Laborat  ory 
B 

Laboratory 

C 

1 

46.7 

43.0 

36.0 

44.7 

2 

45.0 

28.2 

38.9 

32.6 

3 . 

2?.9 

38.4 

38.5 

37.9 

k 

34.0 

44.8 

32.3 

34.0 

5 

37.1 

43.5 

44.5 

43.2 

6 

37.9 

44.5 

38.5 

38.4 

7 

32.7 

39.2 

38.6 

31.7 

8 

44.5 

37.8 

20.6 

42.3 

9 

35.0 

38.8 

46.7 

39.9 

10 

43.0 

38.0 

40.8 

43  .4 

11 

40.0 

36.5 

42.5 

33.1 

12 

38.5 

37.8 

36.7 

37.7 

13 

38.1 

39.5 

38.1 

43.7 

14 

37.9 

40.7 

39.2 

38.2 

15 

36.9 

30.0 

36.5 

47.5 

iG 

41.0 

37.0 

38,6 

43.0 

17 

33.5 

38.6 

46.8 

41.9 

18 

38.5 

33.8 

31.6 

38,0 

19 

41.0 

42,8 

44*9 

39.9 

20 

45.9 

37.8 

41.7 

‘38.3 

Avg. 

High 

Low 

Diff. 

38.7 

46.7 

25.9 

20.8 

38.4 

44.8 

28.2 

16,6 

39.0 

47.5 

20.6 
26.9 

1/  Due  to  the  equipment  available  the  original  specimens 
were  cut  into  two  specimens  and  forty  tests  were  made. 
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Table  Ii.*  Seam  Strength,  Ib/in  width 


D R 

Y 

WET 

Spe  c. 

Lab, 

Lab. 

Laboratory 

Laboratory 

No.  , 

A 

B 

C 

Lab,  A 

Lab . B 

C 

1 

40.0 

32.2 

38.0 

43.1 

9.4 

9.2 

10.9 

9.5 

2 

40.6 

39.0 

39.5 

38. 5 

8.8 

8.0 

8.8 

9.0 

3 

40.0 

39.0 

30.8 

38.4 

10.3 

8.6 

9.1 

• 

0 
1 — 1 

4 

33.2 

28,6 

40.1 

31.3 

10.3 

8.7 

10.7 

7.9 

5 

43.2 

37.5 

43.1 

38.1 

8.8 

8.0 

8.8 

9.6 

6 

41.4 

41.0 

39.6 

40.4 

10.4 

8.9 

9.8 

8.7 

7 

38.2 

40.2 

41.5 

38.8 

9.6 

7.7 

8.5  ■ 

9.7 

8 

42.6 

39.2 

41.3 

37.5 

9.7 

8,2 

9.2 

8.3 

9 

41.5 

39.6 

39.0 

34.5 

1 — 1 
• 

0 

1 — 1 

8.0 

9.3 

9.1 

10 

38.5 

32.5 

39.5 

38.6 

10,8 

7.1 

0 

• 

0 

9.2 

11 

41.6 

38.4 

39.9 

41.3 

10.4 

8.1 

8,6 

8.7 

12 

42.0 

41.0 

44.5 

33.4 

8.5 

7.7 

9.6 

9.3 

13 

41.0 

38.0 

39.7 

33.1 

9.5 

8.3 

8,6 

10.0 

14 

42.5 

38.9 

39.9 

37.0 

9.6 

7.7 

9.4 

9.1 

15 

34.2 

39.6 

37.4 

36.3 

9.7 

8.6 

7.9 

8.3 

16 

40.4 

37.2 

37.4 

38.3 

10.2 

8,1 

8.8 

9.3 

17 

38.8 

40.8 

36.0 

39.3 

9.4 

8.6 

10,0 

8.8 

18 

40. 5 

39.2 

39.7 

45.0 

9.2 

8.7 

8.5 

9.3 

19 

37.6 

40 . 6 

39.4 

40.1 

9.8 

8.0 

0 

0 

0 

1 — I 

8.8 

20 

39.9 

35.5 

32.7 

30.4 

9.1 

8.8 

10.0 

8,0 

Avg. 

39.9 

38.4 

38.3 

9.7 

8.2 

9.2 

High 

43.2 

41.0 

4S.0 

10.8 

9.2 

10.9 

Low 

33o2 

32.2 

30.4 

8,5 

7.1 

7.9 

Diff. 

10.0 

8.8 

14.6 

2.3 

2.1 

3.0 

Table  5. 

Specimen 

Number 


Cross  Direction  Glass  Yarn  Pull-out  Resistance, 


Laboratory 

A 


Laborat  ory 
B 


Laboratory 

C 


lb 


1 

6 . 2 

5.3 

6.8 

2 

6,4 

6.7 

7.6 

3 

6,6 

5.5 

7.0 

h 

6,6 

4.9 

7.2 

5 

7.2 

4.8 

7.4 

6 

6,8 

5.2 

5.0 

7 

6,0 

5.7 

7.4 

8 

74 

6.5 

7.2 

9 

7.1 

4.9 

7.6 

10 

6,1 

4.7 

8,4 

11 

7.4 

6.2 

7.2 

12 

7.2 

6.2 

7.2 

13 

6,0 

5.7 

7.6 

14 

6,0 

5.1 

8.2 

15 

6,2 

6.0 

6.4 

16 

6,6 

6,6 

6.8 

17 

6,6 

5.1 

7.4 

18 

6,5 

5.4 

7.4 

19 

7.1 

5.8 

6.9 

20 

7.2 

5.4 

7.0 

Avg. 

6,6 

5.6 

7.2 

High 

7.4 

6.7 

8.4 

Low 

6.0 

4.7 

5.0 

Diff . 

1.4 

2.0 

3.4 
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Table  6,  STommary  of  Test  Results 


Laboratory  Laboratory  Laboratory 
ABC 


Breaking  Strength, 
Ib/ln  width 

Avg. 

d 1/ 

Avg. 

d 

Avg. 

d 

DRY 

Mach.  Direction 

71.8 

5.3 

68.7 

7.6 

64.2 

8.8 

Cross  Direction 

45.4 

4.2 

43.1 

7.5 

43.8 

8.3 

WET 

Mach.  Direction 

26.2 

3.3 

22.1 

3.1 

32.3 

5.5 

Cross  Direction  22,0 

Breaking  Strength, 
Crease,  Ib/ln  width 

3.3 

20.0 

2,2 

25.0 

3.7 

38.7 

5.1 

38.4 

4.3 

39.0 

5.1 

Seam  strength, 
Ib/ln  width 


DRY  39.9 

2.6 

38.4 

2.5 

38.3 

3.4 

WET  9.7 

2,0 

8,2 

1.6 

9.2 

0,7 

Cross.  Direction 

Yarn  Pull-out,  lb  6,6 

0.97 

5.6 

0.62 

7.2 

0.71 

\/  Standard  deviation  of 

a single  measurement 

For  Laboratory  all  but  the  yarn  pull-out  data  are 


based  on  40  measurements. 
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Table  ?•  The  Effect  of  "Water  on 
the  Strength  of  the  Material 


Lab or at  ory 

Laboratory 

Laboratory 

A 

B 

C 

Breaking  Strength, 
lb/ in  wi dth 


Machine  Direction 
Dry 

'71.8 

68.7 

64.2 

Wet 

26,2 

22.1 

32.3 

fo  Decrease 

63.5 

67.8 

49.7 

Cross  Direction 

Dry 

U5.4 

43.1 

43.8 

Wet 

22.0 

20.0 

25.0 

% Decrease 

51.5 

53.6 

42.9 

Seam  Strength, 
Ib/in  width 

Dry 

39.9 

38.4 

38.3 

Wet 

9.7 

8.2 

9.2 

% Decrease 

75.7 

78.6 

76.0 
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